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Altered Glycosylation of Membrane Glycoproteins Associated with Human

Mammary Carcinoma
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N-Linked sugar chains of normal mammary gland, mammary carcinomas (primary lesion), and
axillary lymph node metastases of mammary carcinomas were released from their membrane prepara-
tions by hydrazinolysis and their structures were analyzed. Fractionation using a Datura stramonium
agglutinin (DSA)-Sepharose column revealed that the metastasized carcinomas contain more than
twice as much DSA-binding oligosaccharides as the normal gland, and the primary carcinomas contain
an intermediate amount. These oligosaccharides were elucidated to have tri- and tetraantennary
structures containing the GleNAc¢S1—+6(GlcNAc¢S1—-2)Man group with and without N.acetyllacto-
samine repeating units. Lectin blot analysis of membrane glycoproteins and histochemical staining of
tissues using biotinylated DSA indicated that these glycosylation changes predominantly occur in a
limited number of glycoproteins with apparent molecunlar weights of 90, 160, and 210 kilodaltons, and
mammary carcinomas are distingunishable from normal gland by their intense intracytoplasmic

staining.
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It has been shown that the altered glycosylation of
membrane glycoproteins caused by oncoviral transfor-
mation of rodent cells involves an increase of the
GlcNAcfS1—6 linkage attached to the Mana1—6 arm of
the trimannosyl cores of complex-type sugar chains."*
This phenotypic change is supposed to be under the
control of some specific regions of oncoviral genomes
and closely associated with tumorigenic potential of the
transformed cells.” Recent studies on experimental me-
tastasis of murine tumor cells have suggested that this
change in sugar moieties correlates with the expression of
metastatic phenotypes of tumor cells.**

In human carcinomas, however, information about the
altered glycosylation of cellular glycoproteins is still very
limited, although it has been reported that glycoproteins
obtained from human malignant breast lesions show
high reactivity to lenkoagglutinating phytohemaglutinin
(L-PHA”), which is used as a probe for detection of the
GlcNAcB1—>6Manal—>branching,” while those from
normal tissues and benign lesions show low reactivity.”
On the basis of chemical analysis of oligosaccharide
structures, we have also shown that increased expression
of this branching occurs in human esophageal squamous
carcinoma.” These lines of evidence, though fragmen-

* To whom correspondence should be addressed.

* The abbreviations used are: L-PHA, leukoagglutinating
phytohemagglutinin; Con A, concanavalin A; DSA, Datura
stramonium agglutinin; Fuc, fucose; Gal, galactose; GleNAe,
N-acetylglucosamine; Man, mannose.
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tary, suggest that the altered branch formation of N-
linked sugar chains widely observed in the rodent system
may also exist in human cancers. To confirm this, analy-
sis of a variety of human cancer cells is indispensable.
From the viewpoint of clinical value, it is particularly
important to know whether this glycosylation change is
associated with metastasis. '

In this study, N-linked sugar chains of cellular glyco-
proteins from human mammary carcinomas, which had
metastasized to the axillary lymph node, were compared
structurally and histochemically with those from the
primary lesion and from normal mammary tissues.

MATERIALS AND METHODS

Chemicals, lectins, and enzymes NaB’H, (360 mCi/
mmol) and NaB’H, were purchased from New England
Nuclear, Boston, MA and Merck Co., Darmstadt, re-
spectively. Concanavalin A (Con A)-Sepharose was
purchased from Pharmacia, Ltd., Uppsala and Datura
stramonium agglutinin (DSA)-Sepharose was prepared
by the method of Yamashita er al” Glycosidases used
in this study were prepared and used as described pre-
viously.”

Oligosaccharides Mono-, di- and trisialyl derivatives
of Gall —4GIcNAcS1—2Mana ] — 6[Gal31 - 4Glc-
NAcB1—4(Galgl—4GlcNAcS1—2)Mana 1 —~3]Mang 1
— 4GleNAcfA1 — 4Gle-NAcgr (Gal; - GleNAc; - Man; -
GleNAc:-GleNAcqyr), and mono- and disialyl derivatives
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of Galfl—4GIcNAcS1— 2Manal— 6(Gal31—4Gle-
NAcfSl —2Manal — 3) Man 81 — 4GlcNAc¢S1 — 4Glec-
NAcgor (Gal,- GleNAc,-Man;-GleNAce-GleNAcy,), in
which subscript OT indicates NaB*H,-reduced oligosac-
charides, were prepared from fetuin by hydrazinolysis.'®
Galf81l —4GleNAc 81 — 6 (Gal81 > 4GlcNAc Sl —2)-
Mana ! —6[Gal31—4GlcNAcS1—4(Gal31—+4GlcNAc-
A1—2)Manal—3]ManB1—4GlcNAcS1 —4(Fucal —
6)GlcNAcor (Galy - GleNAc, - Man, - GlcNAc - Fuc - Gle-
NAcgr), Galgl—=4GlcNAcS1—2Manal—6[Gal51—
4GlcNAcS1—4(Gal5l >4GlcNAcS1—2)Mang1—3]-
Manj31 —4GlcNAcfB1—4 (Fucal = 6)GleNAcy, (2,4 -
branched Gal, - GlcNAc; - Man; - GleNA¢ - Fuc - Gle-
NAcgr), Gal 81 — 4GlcNAc 81 — 6 (Gal 81 — 4Glc-
NAcS1— 2)Manal— 6(Gal 51 — 4GlcNAc 21— 2Man-
al — 3)Man 81 — 4GlcNAc 81 — 4(Fucal — 6)Gle-
NAcgr (2,6-branched Gal,-GleNAc,-Man,-GlcNAc-Fuc:
GlcNAcor), Galfl — 4GlcNAcS1 — 2Mana 1 — 6(Gal-
A1 —4GleNAcS1 — 2Manal — 3)ManB1 — 4GIlcNAcA1
—4(Fucal — 6)}GlcNAcyr (Gal, - GlcNAc, - Man; - Gle-
NAc-Fue-GleNAcgr) and their non-fucosylated forms
were obtained from recombinant erythropoietin.'” Other
standard oligosaccharides were prepared by exoglycosi-
dase digestion of the oligosaccharides listed above.
Analytical methods High-voltage paper electrophoresis
was carried out at 80 V/cm for 2 h by using pyridine-
acetate buffer, pH 5.4. Bio-Gel P-4 column chromatogra-
phy was carried out as described previously.'> Methyl-
ation analysis was performed'” using a DB5-30N column
{0.25mm X 30m) (J & W Scientific, Cordova, CA) and
a JEOL DX-300 gas chromatograph-mass spectrometer
(JEOL, Tokyo}. Lectin column chromatography using
Con A-Sepharose and DSA-Sepharose was performed as
previously described.®®

Isolation of normal mammary gland and mammary carci-
nomas From a patient having mammary carcinoma with
axillary lymph node metastasis (M.A., 50 years old,
blood group B), specimens of normal mammary gland,
the primary lesion, and the axillary lymph node metas-
tasis were obtained by surgery, and designated NG-1,
MC-1, and MC-1IN, respectively. From another patient
(C.K., 38 years old, blood group B), specimens of the
primary lesion and axillary lymph node metastasis were
also obtained, and designated MC-2 and MC-2N, respec-
tively,

Preparation of membrane glycoprotein mixtures Tissues
were chopped finely with scissors and suspended in ice-
cold 5 mM Tris-buffered saline (pH 9.0) for 30 min to be
disrupted. The cell suspension was then subjected to the
centrifugation procedure for preparation of the mem-
brane fraction as previously described.”

Release of AN-linked sugar chains from membrane
glycoproteins The dry membrane glycoprotein mixtures
(120 mg) were subjected to hydrazinolysis'? to release
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N-linked sugar chains, The oligosaccharide mixtures
were purified as described previously.” One-fourth of
them was reduced with NaB’H, and the remainder was
reduced with NaB’H, for methylation analysis. The
yields of radioactive oligosaccharides were 4.5-5.0 X 10°
cpm for each sample.

Lectin staining of membrane glycoproteins Carcinoma
tissues (wet 0.5 g) were homogenized in a Polytron
homogenizer in 3 ml of 50 mM phosphate buffer, pH 7.4,
containing 50 mM EDTA, 1% n-octylglucoside, 0.5%
SDS and 1 mM phenylmethylsulfonyl fluoride and stirred
at 4°C for 12 h, The lysates were centrifuged at 10,000g
for 30 min, and an equal aliquot of each supernatant
was subjected to 7.5% SDS-polyacrylamide gel
electrophoresis'® and then transferred to nitrocellulose
membrane. After blocking with 1% bovine serum albu-
min, the membrane was digested with sialidase from
Arthrobacter ureafaciens (0.5 unit/ml in 0.05 M acetate
buffer, pH 5) at 37°C for 1 h, and washed with phos-
phate-buffered saline (PBS). Then, the membrane was
incubated with biotinylated DSA (2 ¢g/ml in PBS) and
visualized with the avidin-biotinylated peroxidase com-
plex (ABC) kit (Vector Laboratories Inc., Burlingame,
CA) and diaminobenzidine substrate according to the
manufacturer’s instructions.

Histochemical staining of tissmes by DSA All tissues
used in this study were fixed in formalin, embedded in
paraffin and cut into 5 gm serial sections. The sections
were attached to glass slides and stained as described
previously.'® Briefly, the sections were deparaffinized,
hydrated through graded alcohals, incubated with fresh
0.3% H,0; in methanol for 10 min, and then washed
three times with phosphate-buffered saline (PBS). After
digestion with sialidase (0.5 unit/ml) from A. ureafaciens
at 37°C for 1 h and washing with PBS, the sections were
incubated with biotinylated DSA (2 zg/ml in PBS con-
taining 1% bovine serum albumin) at room temperature
for 30 min and then washed three times with PBS. The
sections were incubated with avidin-peroxidase conjugate
{10 #g/ml) for 30 min and washed with PBS three times.
Finally, the sections were reacted with 0.19% diamino-
benzidine substrate and 0.02% H,0Q, for 5 min, rinsed
with the buffer, stained with hematoxylin-eosin, washed
and observed under the microscope. Negative controls
were prepared by incubating the sections with the bio-
tinylated lectin in the presence of 1% N-acetylglucos-
amine oligomers.

RESULTS

Fractionation of oligosaccharides by paper electropho-
resis The radioactive oligosaccharide mixtures released
from normal human mammary gland (NG-1), primary
mammary carcinomas (MC-1 and MC-2), and mam-
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Fig. 1. Paper electrophoretograms of the radioactive oligosac-
charides released by hydrazinolysis from membrane glycopro-
teins of normal mammary gland and mammary carcinomas. A,
B, C, D and E represent the data obtained from NG-1, MC-1,
MC-1N, MC-2 and MC-2N, respectively. Arrows a, b and ¢
are positions of authentic mono-, di- and trisialylated Gal,.
GleNAc;-Man,-GleNAc-GleNAcgr, and arrows d and ¢ are
those of mono- and disialylated Gal,-GlcNAc,-Man,-GlcNAc-
GlcNAcgr, respectively.
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mary carcinomas metastasized to the regional lymph
node (MC-1N and MC-2N) were subjected paper elec-
trophoresis at pH 5.4. As shown in Fig. 1, each of the
samples was separated into neutral (N) and acidic (A)
peaks. Molar ratios of fractions N and A from each
sample calculated on the basis of their radioactivities
were as follows; NG-1, 28:72; MC-1, 27:73; MC-1IN,
33:67;, MC-2, 26:74; MC-2N, 31:69. The acidic fractions
obtained from five samples were mostly converted to
neutral oligosaccharides {AN) by sialidase digestion
(data not shown) indicating that the acidic nature of the
oligosaccharides in the acidic fraction A can be ascribed
to sialic acid residues.

N-Glycans of Human Mammary Carcinoma

Table I. Fractionation of Oligosaccharides Obtained from
Normal Mammary Gland and Mammary Carcinomas by
Lectin Column Chromatography

Mammary tissues

Fractions®
NG-1 MC-1 MC-IN  MC-2 MC-2N
Neutral oligosaccharides (N}

Con A~ 79 4 9 9 11

Con A* 12 11 7 12 6

Con A* 9 12 17 5 14

Asialo-oligosaccharides (AN}

Con A~ 20 23 33 23 38
DSA™ 10 14 20 13 25
DSAT 3 5 6 3 7
DSA™ 7 4 7 7 6

Con A 48 46 31 49 29

Con A* 4 4 3 2 2

a) Symbols are defined in the text.
b} Each value is the percent molar ratio of oligosaccharides in
a fraction to the total oligosaccharides.

Fractionation of oligosaccharides by serial lectin column
chromatography and Bio-Gel P-4 column chromatogra-
phy Both neuntral oligosaccharide fractions N and asialo-
oligosaccharide fractions AN were further fractionated
by Jectin column chromatography. Each sample was first
applied to a Con A-Sepharose column and separated into
three fractions; the fraction unbound to the column (Con
A7), and the fractions bound to the column and eluted
with 5 mM @-methyl glucopyranoside (Con A™) and
then with 100 mM @-methyl mannopyranoside (Con
A™). As summarized in Table I, the carcinomas (MC-
1N and MC-2N) metastasized to the axillary lymph node
contained higher amounts of the neutral and asialo-
oligosaccharides recovered in the Con A~ fractions and
less of those in the Con A™ fractions as compared with
others. The metastasized carcinomas also showed the
increase of the Con A%™ fraction of neutral oligosac-
charides. It is well known that high mannose- and/or
hybrid-type oligosaccharides are recovered in the Con
A*" fraction, biantennary complex-type oligosaccharides
in the Con A" fraction, and highly branched complex-
type oligosaccharides in the Con A~ fraction.'” Actually,
the Con A*" fraction of the neutral oligosaccharide and
the Con A" fractions were elucidated to consist of a
series of high mannose-type and biantennary complex-
type oligosaccharides, respectively, by analyses in the
same manner as previously described” (data not shown).

Higher contents of the Con A~ fractions of asialo-
oligosaccharides in metastasized carcinomas MC-1N and
MC-2N suggest that increased branching of the complex-
type sugar chains may occur concomitantly with acquisi-
tion of metastatic potential of human mammary carcino-
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Bio-Gel P-4 column chromatography of asialo-oligosaccharides obtained from normal mam-

mary gland and mammary carcinomas. A and B, the DSA™' and the DSAT fractions of NG-1 (solid
line), MC-1 (dotted line) and MC-IN (dot-dashed line) obtained from a patient (M.A.), respectively;
C and D, the DSA™ and the DSA" fractions of MC-2 (dotted line) and MC-2N (dot-dashed line)
obtained from another patient (C.K.), respectively. White triangles indicate elution positions of glucose
oligomers {numbers indicate the glucose units) and the void volume (V;). Arrows I to III are
elution positions of authentic oligosaccharides: I, Gal;GleNAc,Man; GleNAc-Fuc:-GleNAeqy; 11,
2,6-branched Gal;-GleNAcy-Man,; GleNAc-Fuc-GleNAcor; I, 2,4-branched Gal;-GlcNAc; Man;
GleNAc-Fuc-GlcNAcyr. Arrows I, IT°, and III” are those of non-fucosylated forms of I, II, and I1I,

respectively.

mas. In order to confirm this point, the Con A~ fraction
of each sample was then subjected to DSA-Sepharose
column chromatography. Complex-type oligosaccharides
with the GlcNAcS1—6(GIlcNAcS1-—=>2)Man group
strongly bind to the DSA column and are eluted with
1% N-acetylglucosamine oligomer, while those with
the GleNAcS1—4 (GleNAc¢S1—+2)Man group are
retarded by the column.” As indicated in Table I, all
the Con A~ fractions were separated into the unbound
fraction (DSA™), the retarded fraction (DSA"), and
the bound fraction (DSA ™). It should be noted that the
contents of DSA™ fractions are higher in the order of
metastasized carcinomas, primary lesions, and normal
mammary gland; those of MC-1IN, MC-2N, MC-1, and
MC-2 are 2.0, 2.5, 1.4, and 1.3 times higher than that of
NG-1, respectively. The contents of the DSA" fractions
were slightly higher in the metastasized carcinomas than
others. Since there was no significant difference in the
amounts of DSA”™ fractions among the samples, the
DSA™ and DSA' fractions were analyzed in detail after
separation by Bio-Gel P-4 column chromatography (Fig.
2). Each of the DSA™ fractions of NG-1 (solid line),
MC-1 (dotted line}, and MC-IN (dot-dashed line) was
separated into several components named AN1 to AN3
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(Fig. 2A), while each of the DSA' fractions was eluted as
a single peak named AN4 (Fig. 2B). It is evident that the
contents of components AN2, AN3, and AN4 are higher
in the order of MC-1N, MC-1, and NG-1. There was no
significant difference in AN1. The DSA™ fractions (Fig.
2C) and the DSA" fractions (Fig. 2D) of MC-2 (dotted
line} and MC-2N (dot-dashed line) were also separated
in a similar manner, and the contents of AN2, AN3, and
AN4 of MC-2N were also higher than those of MC-2,
while the same amounts of AN1 were included in the two
samples.

Structural analysis of components AN1T to AN4 Struc-
tures of the components ANI to AN4 were studied by
exoglycosidase digestion. Since the data for the five
samples were quite similar, only the results of MC-1N
will be described below.

As shown in Fig. 3A, sequential digestion with diplo-
coccal S-galactosidase (solid line) specific for the Galg1—
4GIcNAc linkage,' diplococcal B-N-acetylhexosamini-
dase (dotted line) and jack bean 5- N-acetylhexosaminidase
(dot-dashed line), converted AN1 to fucosylated and
non-fucosylated trimannosyl cores (Man;-GleNAc-Fuc-
GleNAcor and Man;-GleNAcGIcNAcor, respectively),
with release of three galactose, one N-acetylglucosamine,
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Fig. 3. Sequential glycosidase digestion of fractions ANI to

AN4. A and B, AN1 in Fig. 2A and AN4 in Fig. 2B sequen-
tially incubated with diplococcal 8-galactosidase (solid line),
diplococcal 8-N-acetylhexosaminidase (dotted line) and jack
bean 8- N-acetylhexosaminidase (dot-dashed line), respectively;
C, AN2 in Fig. 2A incubated with endo-8-galactosidase from F.
keratolyticus; D, peak a (dotted line) and peak b (solid line) in
C incubated with diplococeal S-galactosidase; E, AN3 in Fig.
2A incubated with endo-8-galactosidase from F. keratolyticus
(solid line) and the solid line peaks indicated by a bar in E
digested with diplococcal S-galactosidase (dotted line); F, peak
b’ in D incubated with diplococcal (solid line) and jack bean
- N-acetylhexosaminidase (dotted line). White triangles are the
same as in Fig. 2 and arrows 1 to VI are the elution positions
of authentic oligosaccharides; I, GleNAc,-Man;-GlcNAc-Fuc-
GleNAcqr; II, GlcNAc;-Man,-GleNAc-Fue-GleNAcg; 1L,
GlcNAcB1—+6(GlcNAcgS1—2)Mana 1—6(Mana 1—3)Mang1
— 4GIcNAcfS1 — 4 (Fucal — 6) GleNAcyy; IV, Mangl—
6(GlcNAcS1—~4Manal—3)Man81—4GlcNAc 51—4(Fucal
—6)GlcNAcor V, ManygGleNAc-Fuc-GleNAcgy; VI, Man,-
GleNAc - GleNAcgr.

and two N-acetylglucosamine residues, respectively.
By the same sequential glycosidase digestion, AN4 was
also converted to the trimannosyl cores with release of

N-Glycans of Human Mammary Carcinoma

AN1
GalBl—)4GlcNAc|313 s
Manal -
Galp1—=4GleNAcp1 -~ Manpl1—4R
Galpl—4GIcNAcpl - ZManal”
AN2

Galpl—+4GlcNAcpl -
Manal
Galpl-4GicNAcpB1 -~ Man}1—4R

Galpl +4GleNACp1—=3
1 Galpl—4GlcNAcpl — ZManal~7

Galpl—-4GlcNAcp1 -5
Manetl
GalBl—4GIleNAcp1-”
Galpl —»4GleNACpl 4
Manal”

6
3ManBl—»4R

Galpl »4GIcNAcpl -~
AN3 Galpl »4GIcNAcB1 -
Manal
Galpl—=4GIcNAcB1 -~
Galpl =4GleNAcB1 -
Manel
Galpl -4GleNAcp1 -7

(Galpl -4GleNAcBl—=3)* gManﬂl —4R

2

AN4 Galpl —-4GleNAcfl - 2Manal$

Galpl-»4GlcNAcR1 - Manpl—4R
4 3
Mano1-7
Galpi—4GIcNAcpl <~

Fig. 4. Proposed structures of ANI1 to AN4 in Fig. 2. R
represents GleNAcS1—4( & Fuea1—6)GlcNAcgr. Some of the
repeating units also occur as Gal81—=(4GlcNAcS1—=3Gal-
B1—=),4GlcNAcS1—3,

three galactose (solid line), two N-acetylglucosamine
(dotted line), and one N-acetylglucosaone residue (dot-
dashed line), respectively (Fig. 3B). Considering these
data with the substrate specificity of diplococcal 5-N-
acetylhexosaminidase, which cleaves the GleNAcS1—
2Man linkage at a non-branched point or in the Gle-
NAcSB1—=4GIlcNAcS1—2)Man group but not in the
GlcNAcB1—-6(GleNAcS1—2)Man group,' it is evident
that AN1 and AN4 are 2,6-branched and 2,4-branched
triantennary complex-type sugar chains, respectively
(Fig. 4).

By incubation with endo-5-galactosidase from Flavo-
bacterium keratolyticus, which cleaves the internal 8-
galactosyl linkages of the N-acetyllactosamine repeating
units such as Galfl— (4GlcNAcS1-—>3Galfl—) 4-
GleNAc,”™ one-fourth of AN2 was converted to a com-
ponent a with release of a Gal GleNAc.Gal group (Fig.
3C). Subsequent digestion with diplococcal 5-galacto-
sidase released two galactose residues (Fig. 3D, dotted
line), and the resulting peak a” was shown to be the same
as the solid line peak in Fig. 3A in the same manner as
described for AN1, Therefore, the endo-5-galactosidase-
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sensitive component in AN2 is proposed to be 2,6-
branched triantennary oligosaccharides containing N-
acetyllactosamine repeating structure as shown in Fig. 4.
On the other hand, the endo-3-galactosidase-resistant
component b (Fig. 3C) was converted to component b’
with release of four galactose residues by diplococcal
B-galactosidase digestion (Fig. 3D), and then to tri-
mannosyl cores by sequential digestion with diplococcal
(Fig. 3F, solid line} and jack bean 8- N-acetylhexosamini-
dase (Fig. 3F, dotted line) releasing one and three N-ace-
tylglucosamine residues, respectively. These results sug-
gest that another component in AN2 is the non-repeated
tetraantennary sugar chains (Fig. 4).

AN3 is composed of high-molecular-weight oligosac-
charides with effective sizes larger than 22 glucose units
(Fig. 2A). The size difference of each peak was approxi-
mately 3 glucose units, suggesting the presence of a series
of oligosaccharides containing N-acetyllactosamine re-
peating units. By incubation with endo-3-galactosidase
from F. keratolyticus, AN3 was converted to a mixture of
smaller components as indicated by the solid line in Fig,
3E. Diplococcal S-galactosidase digestion of these com-
ponents gave major radioactive products with the same
elution position as the peak b’ in Fig. 3D (¥Fig. 3E, dotted
line). The products at this stage were identified as
degalactosylated tetraantennary sugar chains in the same
manner (Fig. 3F) as described for the radioactive peak
b’. The data indicate that AN3 is a mixture of tetraan-
tennary sugar chains with different numbers of N-acetyl-
lactosamine repeating units, When AN3 was digesied with
endo-5-galactosidase and the released oligosaccharides
were Jabeled with NaB*H,, two smaller radioactive prod-
ucts corresponding to Gal-GleNAc-Galg;r and GleNAc-
Galgr were obtained in a ratio of 7:3 (data not shown).
Therefore, the repeating units in AN3 have linear struc-
tures. The detection of GleNAc-Galgy indicates the pres-
ence of long repeating units, Galf1—>(4GlcNAcSl—
3Gal51—),4GlcNAc (n=2), in some outer chains.

On the basis of these results described above and
methylation analysis (data not shown), the structures of
AN to AN4 are proposed to be as shown in Fig. 4. Thus,
it is evident that tetra- and 2,6-branched triantennary
oligosaccharides with N-acetyllactosamine repeating
units, and non-repeated tetraantennary oligosaccharides
(AN2 and AN3) are highly expressed in the order of
metastasized carcinomas > primary carcinomas > normal
mammary gland.

Stainings of membrane glycoproteins and tissues with
DSA Membrane glycoproteins were separated by SDS-
polyacrylamide gel electrophoresis, blotted onto nitrocel-
lulose paper and stained with DSA. As shown in Fig. 5,
both MC-IN (lane 2) and MC-2N (lane 4) metastasized
to lymph node contained several DSA-reactive glycopro-
teins including three major molecules with apparent mo-
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Fig. 5. DSA lectin staining of glycoproteins of mammary
carcinoma tissues separated by SDS-polyacrylamide gel electro-
phoresis. Lane 1, MC-1 (primary); lane 2, MC-IN {metasta-
sized); lane 3, MC-2 (primary); lane 4, MC-2N (metastasized).
NG-1 did not show any detectable band. Numbers at the
left-hand side indicate molecular weights estimated by using
standard proteins.

lecular weights of 90,000 (GP90), 160,000 (GP160), and
210,000 (GP210). Primary carcinomas MC-1 (lane 1)
and MC-2 (lane 3) showed weak reactivities compared
with metastasized carcinomas. In contrast, DSA-reactive
molecule was not detected in normal mammary gland
under the conditions used here (data not shown). Thus,
it is suggested that at least three glycoproteins, GP90,
GP160, and GP210, are involved in altered glycosylation
associated with progression of mammary carcinoma.
Microscopic observation of specimens stained by the
ABC method using biotinylated DSA revealed differ-
ences in staining pattern between normal mammary
gland and mammary carcinomas (Fig. 6). Normal mam-
mary gland showed almost no reactivity to DSA (Fig.
6A), or epithelial cells facing the luminal space of normal
gland adjacent to carcinoma tissues of the primary lesion
showed a faint luminal staining (Fig. 6B, short arrow).
In contrast, carcinoma cells in the primary lesion (Fig. 6
B, long arrow and Fig. 6C) and those metastasized to the
regional lymph node (Fig. 6D) exhibited a strong apical
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Fig. 6. Histochemical staining of mammary tissues by DSA. Tissues were stained with biotinylated DSA using
the ABC method, counterstained with hematoxylin-eosin and observed under the microscope (X350, scale bar
=350 ym). A, Normal mammary gland showing almost no reactivity. B, Invasive ductal carcinoma cells (long
arrows) in primary lesion showing apical and cytoplasmic staining. Note a weak luminal staining of normal
epithelial cells (short arrows). C, Invasive ductal carcinoma predominant with intraductal components in
primary lesion showing apical and cytoplasmic staining, D, Invasive ductal carcinoma metastasized to regional
Iymph node showing apical and cytoplasmic staining.
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staining and a diffuse intracytoplasmic staining. Inter-
estingly, the borders between carcinoma cells seem to be
stained. Thus, the results indicate that increased reac-
tivity to DSA and difference in the cellular distribution
of DSA-reactive glycoproteins develop in mammary car-
cinoma cells.

DISCUSSION

Cancer cells exhibit abnormal social behavior, such as
uncontrolled cell growth, invasion and metastasis. Since
these characteristics are considered to result from altered
functions of cell membranes, extensive studies on cancer-
associated glycosylation changes of membrane glycopro-
teins have been conducted. However, evidence generally
has been obtained using rodent systems and cultured
cells. In this study, we analyzed membrane glycoproteins
obtained from normal human mammary gland, primary
mammary carcinomas and their lymph node metastases.
Fractionation of N-linked oligosaccharides released by
hydrazinolysis using a DSA-Sepharose column revealed
that primary carcinomas contain increased amounts of
oligosaccharides which bind to this column as compared
with normal mammary gland. Interestingly, the contents
of DSA-bound oligosaccharides in metastasized carcino-
mas were higher than those in the primary carcinomas.
Detailed structural analysis of these oligosaccharides
indicated that the increase of the DSA-bound fraction
is caused by higher expression of tetraantennary
oligosaccharides with and without N-acetyllactosamine
repeating units and 2,6-branched triantennary oligosac-
charides with N-acetyllactosamine repeating units. Thus,
the enhanced expression of the GlcNAcS1—6 Manal — 6
and the Galfl— (4GlcNAcS1—=>3Galfl—),4GlcNAc
groups seems to be correlated with the progression of
human mammary carcinoma. A recent study”’ showed
that human mammary carcinomas express an elevated
activity of N-acetylglucosaminyliransferase V respon-
sible for formation of the GleNAcSl—>6Manal—6
group, as found in the rodent cell system.”” Since
formation of the N-acetyllactosamine repeating units
initiated by the addition of GleNAcfZ1 —3 residue pre-
ferentially occurs on the Galf1—4GlcNAcB1 — 6(Gals-
1—4GlcNAcB1-—>2)Mana 1—+6 group,” it is reasonable
that both formation of the GicNAcS1—6 branching
and elongation of the outer chains increased in mam-
mary carcinomas. Our previous study indicated that a
similar glycosylation change occurs in human esopha-
geal squamous carcinoma.” It is suggested, therefore,
that expression of the GlcNAcS1—6 branching and
elongated outer chains of N-linked complex-type sugar
chains is regulated in association with malignant trans-
formation of various types of human cells, as found in
many rodent tumor cell systems.">®
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Histochemical analysis using DSA revealed different
staining patterns between normal mammary gland and
carcinoma tissues. In contrast to normal gland, showing
a weak luminal surface staining, carcinomas showed an
intense staining in the cytoplasm as well as at the cell
surface. This difference will serve as an alternative indi-
cator for diagnosis of mammary carcinoma. However, no
significant difference in staining pattern was detected
between primary and metastasized carcinomas. In this
study, primary carcinomas were obtained from patients
who had axillary lymph node metastasis. It is possible
that these carcinoma cells in the primary lesion have
already acquired some metastatic phenotypes. To test
this possibility, it will be necessary to examine primary
lesions of early mammary carcinoma. Accumulation of
data on carcinomas from patients at different clinical
stages as well as on benign mammary diseases will also be
important for application of this glycosylation change to
prognostic evaluation of the development and metastasis
of mammary carcinoma.

Difference in cellular distribution of glycoproteins
between human breast epithelia and mammary carcino-
mas has also been shown using other lectins with different
sugar-binding specificities from that of DSA.**?*¥ In
order to elucidate the presently unknown basis of these
disorganized distributions of various cellular glycopro-
teins, it is important to examine what molecules are
responsible for this phenomenon. The present study using
lectin blot analysis indicated that three glycoproteins,
GP-90, GP160, and GP210, are major carriers of DSA-
reactive sugar chains. Our recent study using immuno-
staining suggests that GP-160 may correspond to carcino-
embryonic antigen (CEA) (M. Nose et al, unpublished
data). Interestingly, it has also been shown that CEA
obtained from liver metastasis of mammary carcinoma
contains sialylated tetrazntennary sugar chains as major
components.” Quite recently, a CEA family including
CEA and non-specific cross-reacting antigen (NCA) has
been shown to mediate the Ca’*-independent intercel-
lular adhesion.®™® It is of interest that a large amount
of CEA is located on adjacent cell membranes of colon
carcinoma cells as well as on the membranes facing the
lumen in hoth embryonic intestine and colon carcinoma,
while a small amount of CEA is localized mostly in
epithelial celi membranes facing the lumen in normal
adult intestine.?® This is notable in view of the present
histochemical data obtained with DSA that only a faint
luminal staining is found in normal mammary gland,
while an intense staining is observed at the apical cyto-
plasmic surface including the borders between carcinoma
cells in mammary carcinoma tissues. Whether CEA con-
tributes to the altered cellular distribution of DSA-reac-
tive glycoproteins associated with mammary carcinoma
remains to be elucidated.



In addition, a diffuse intracytoplasmic staining of car-
cinoma cells with DSA is also of interest in relation to
the recent finding that human lysosomal membrane-
associated glycoproteins {(LAMPs)} are major carriers
for polylactosamine glycans in many human cells.” It
has been reported that the increased staining of gpl30
with L-PHA, which is similar to DSA in sugar-binding
specificity,” is associated with tumor progression in a
rodent cell system,” and that this glycoprotein purified
from mouse metastatic lymphoid tumor cell line called
MDAY-D2 is a mouse counterpart of LAMP-1."” There-
fore, it is possible to consider that the strong cytoplasmic
staining of mammary carcinomas observed in this study
results from accumulation of LAMPs in lysosomes. GP-
90 is considered as a candidate for a LAMP. Detailed

REFERENCES

1) Yamashita, K., Ohkura, T., Tachibana, Y., Takasaki, S.
and Kobata, A. Comparative study of the oligosaccha-
rides released from baby hamster kidney cells and their
polyoma transformant by hydrazinolysis. J. Biol. Chem.,
259, 1083410840 (1984).

2) Pierce, M. and Arango, J. Rous sarcoma virus-
transformed baby hamster kidney cells express higher
levels of asparamine-linked tri- and tetraantiennary glyco-
peptides containing [GlcNAc-5 (1,6) Man-¢¢ (1,6) Man]
and poly-N-acetyllactosamine sequences than baby ham-
ster kidney cells. J. Biol. Chem., 261, 10772-10777 (1986).

3) Hiraizumi, 8., Takasaki, S., Shiroki, K., Kochibe, N. and
Kobata, A. Transfection with fragments of the adenovirus
12 gene induces tumorigenicity-assiciated alteration of A-
linked sugar chains in rat cells. Arch. Biochem. Biophys.,
280, 9-19 (1990}.

4) Humphries, M. J.,, Matsumoto, K., White, S. L. and
Olden, K. Oligosaccharide modification by swainsonine
treatment inhibits pulmonary colonization by B16-F10
murine melanoma cells. Proc. Natl Acad. Sci. USA, 83,
1752-1756 (1989},

5) Dennis, J. W, Laferte, 8., Waghone, C., Breitman, M. L.,
and Kerbel, R. $1-6 Branching of Asn-linked oligosac-
charides is directly associated with metastasis. Science,
236, 582-385 (1987).

6) Cummings, R. D. and Kornfeld, 8. Characterization of
structural determinants required for the high affinity inter-
action of asparagine-linked oligesaccharides with immo-
bilized Phaseolus vulgaris leukoagglutinating and erythro-
agglutinating lectins. J. Biol Chem., 257, 11230-11234
(1982).

7) Dennis, J. W. and Laferte, 8. Oncodevelopmental expres-
sion of -GleNAcS1-6Mana1-6Mangs1- branched aspara-
gine-linked oligosaccharides in murine tissues and human
breast carcinomas, Cancer Res., 49, 945-950 (1989).

8) Hiraizumi, S., Takasaki, S., Nishihira, T., Mori, S. and
Kobata, A. Comparative study of the N-linked oligosac-

N-Glycans of Human Mammary Carcinoma

analysis of the DSA-reactive glycoproteins, the expres-
sion of which seems to be closely associated with the
outbreak and possibly also the progression of hurnan
mammary carcinoma, is required as a next step.

ACKNOWLEDGMENTS

This work was supported by a Grant-in-Aid for Specially
Promoted Research from the Ministry of Education, Science
and Culture of Japan. We would like to express our gratitude to
Ms. Yumike Kimizuka for her skillful secretarial assistance.
We thank Dr. Hiroshi Suzuki (Dept. of Surgery Hachinohe
City General Hospital, Hachinohe) for helpful suggestions and
encouragement.

(Received May 30, 1992/Accepted July 2, 1992)

charides released from normal human esophageal epithe-
lium and esophageal squamous carcinoma. Jpn. J. Cancer
Res., 81, 363-371 (1990).

9) Yamashita, K., Totani, K., Ohkura, T., Takasaki, S..
Goldstein, I J. and Kobata, A. Carbohydrate binding
properties of complex-type oligosaccharides on immo-
bilized Datura stramonium lectin, J. Biol Chem., 262,
1602-1607 (1987).

10) Takasaki, S. and Kobata, A. Asparagine-linked sugar
chains of fetuin: occurrence of tetrasialyl triantennary
sugar chains containing the Gal31-—+3GlcNAc sequence.
Biochemistry, 25, 5709-5715 (1986).

11) Takeuchi, M., Takasaki, 8., Miyazaki, H., Kato, T., Hoshi,
S., Kochibe, N. and Kobata, A. Comparative study of the
asparagine-linked sugar chains of human erythropoietins
purified from urine and the culture medium of recom-
binant Chinese hamster ovary cells. J. Biol Chem., 263,
3657-3663 (1988).

12) Yamashita, K., Mizuochi, T. and Kobata, A. Analysis of
oligosaccharides by gel filtration. Methods Enzymol., 83,
105-126 (1982).

13) Endo, Y., Yamashita, K., Tachibana, Y., Tojo, 8. and
Kobata, A. Structures of asparagine-linked sugar chains
of human cherionic gonadotropin. J. Biochem., 85, 669-
679 (1979).

14) Takasaki, 8., Mizuochi, T. and Kobata, A. Hydrazinolysis
of asparagine-linked sugar chains to produce free oligo-
saccharides. Methods Enzymol., 83, 263-268 (1982).

15) Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227,
680685 (1970).

16) Hsu, S.-M. and Raine, L. Versatility of biotin-labeled
lectins and avidin-biotin-peroxidase complex for localiza-
tion of carbohydrate in tissue sections. J. Histochem.
Cytochem., 30, 157-161 (1982).

17) Cummings, R. D. and Kornfeld, 8. Fractionation of
asparagine-linked oligosaccharides by serial lectin-agarose

1071



Jpn. J. Cancer Res. 83, October 1992

18)

19)

20)

20

22)

23)

243

affinity chromatography. J. Biol. Chem., 257, 11235-11240
(1982).

Paulson, J. C., Prieels, J. P., Glasgow, L. R. and Hill, R. L.
Sialyl- and fucosyltransferases in the biosynthesis of
aspaginyl linked oligosaccharides in glycoproteins. J. Biol
Chem., 253, 5617-5624 (1978).

Yamashita, K., Ohkura, T., Yoshima, H. and Kobata, A.
Substrate specificity of diplococcal £-N-acetylhexos-
aminidase, a useful bnzyme for the structural studies of
complex type asparagine-linked sugar chains. Riochem.
Biophys. Res. Commun., 100, 226-232 (1981).
Kitamikado, M., Ito, M. and Li, Y.-T. Endo-5-
galactosidase from Flavobacterium keratolyticus. Methods
Enzymol., 83, 619-625 (1982).

Yamashita, K., Tachibana, Y., Ohkura, T. and Kobata, A.
Enzymic basis for the structural changes of asparagine-
linked sugar chains of membrane glycoproteins of baby
hamster kidney cells induced by polyoma transformation.
J. Biol. Chem., 260, 3963-3969 (1985).

Van den Eijnden, D. H., Koenderman, A. H. L. and
Schiphorst, W. E. C. M. Biosynthesis of blood group
i-active polylactosaminoglycans. J. Biol Chem., 263,
12461-12471 (1988).

Franklin, W. A. Tissue binding of lectins in disorders of
the breast. Cancer, 51, 295-300 (1983).

Ohuchi, N.. Nose, M., Abe, R. and Kyogoku, M. Lectin-
binding patterns of breast carcinoma: significance on strue-
tural atypism. Tohoku J. Exp. Med., 143, 491-499 (1984).

1072

25)

26)

27)

28)

29)

30)

Chandrasekaran, E. V., Davila, M., Nixon, D, W., Gold-

farb, M. and Mendicino, J. Isolation and structures of the

oligosaccharide units of carcinoembryonic antigen. J, Biol,

Chem., 258, 7213-7222 (1983).

Benchimol, S., Fuks, A., Jothy, 8., Beauchemin, N.,

Shirota, K. and Stanners, C. P, Carcinoembryonic anti-

gen, a human tumor marker, functions as an intercellular

adhesion molecule. Cell, 57, 327-334 (1989).

Oikawa, §., Inuzuka, C.,, Kurcki, M., Matsuoka, Y.,

Kosaki, G. and Nakazato, H. Cell adhesion activity of
non-specific cross-reacting antigen (NCA) and carcinoem-

bryonic antipen (CEA) expressed on CHO cell surface:

homophilic and heterophilic adhesion. Biochem. Biophys.

Res. Commun., 164, 39-45 (1989), :
Oikawa, 8., Inuzuka, C., Kuroki, M., Arakawa, F.,

Matsucka, Y., Kosaki, G. and Nakazato, H. A specific

heterotypic cell adhesion activity between members of
carcinoembryonic antigen family, W272 and NCA, is

mediated by N-domains. J. Biol Chem., 266, 7995-8001

(1991).

Carlsson, 8. R., Roth, I, Piller, F. and Fukuda, M. Isola-

tion and characterization of human lysosomal membrane

glycoproteins, h-lamp-1 and h-lamp-2. J. Biol, Chem., 263,

18911-18919 (1988).

Laferte, 8. and Dennis, J. W. Purification of twao glyco-

proteins expressing 81—6 branched Asn-linked oligosac-

charides from metastatic tumor cells. Biochem. J., 259,

569-576 (1989).





